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INTRODUCTION
Effects of thermal conductivity of fluid and transverse conduction variation problems on free convection flow are important from the technical point of view and such types of problems have received much attention by many researchers in electronics and in physics broadly. Miyamoto et al. 1 studied the effect of axial heat conduction in a vertical flat plate on free convection heat transfer. Pozzi and Lupo 2 investigated the coupling of conduction with laminar convection along a flat plate. Khan 3 analyzed the conjugate effect of conduction and convection with natural convection flow from a vertical flat plate and in an inclined square cavity. Mamun 4 studied the effects of conduction and convection on magnetohydrodynamic flow with and without viscous dissipation from a vertical flat plate. Rahman et al. 5 investigated the effects of temperature dependent thermal conductivity on MHD free convection flow along a vertical flat plate with heat conduction. Nasrin and Alim 6 studied the combined effects of viscous dissipation and temperature dependent thermal conductivity on MHD free convection flow with conduction and joule heating along a vertical flat plate. Alim et al. 7 analyzed the combined effect of viscous dissipation & joule heating on the coupling of conduction & free convection along a vertical flat plate. Alim et al. 8 14 studied viscous dissipation effects on MHD natural convection flow over a sphere in the presence of heat generation.
The present study is to incorporate the idea of the effects of thermal conductivity of fluid on natural convective boundary layer flow along a vertical flat plate with transverse conduction variation.
MATHEMATICAL FORMULATION
At first we consider a steady two-dimensional laminar natural convection flow of a viscous and incompressible fluid along a vertical insulated top and bottom tip flat plate of length l and thickness b (Figure-1) . It is assumed that the temperature at the outer surface of the plate is maintained at a constant temperature T b , where T b > T ∞ , the ambient temperature of the fluid. In this work y -axis i.e. normal direction to the surface and x -axis is taken along the flat plate. The coordinate system and the configuration are shown in Fig. 1 .
The governing equations of such laminar flow with thermal conductivity and also transverse conduction variation along a vertical flat plate under the Boussinesq approximations [ 
where ∞ ρ and ∞ T are the density and temperature respectively outside the boundary layer. For the present problem for continuity, momentum and energy equations take the following forms 
Here β is coefficient of volume expansion. The temperature dependent thermal conductivity, which is used by Rahman 5 as follows
Where ∞ κ is the thermal conductivity of the ambient fluid and δ is a constant, defined as 1 .
The appropriate boundary condition to be satisfied by the above equations are 0, 0
The non-dimensional governing equations and boundary conditions can be obtained from equations (1) -(3) using the following dimensionless quantities
where l is the length of the plate, Gr is the Grashof number, θ is the dimensionless temperature. Now from equations (1)- (3), we get using the following dimensionless equations
where Pr is the transverse conduction variation parameter. The described problem is governed by this parameter λ.
To solve the equations (8) and (9) subject to the boundary conditions (10) (1 ) ( , )
(1 ) ( , ) 
where prime denotes partial differentiation with respect to η. The boundary conditions as mentioned in equation (10) then take the following form 
From the process of numerical computation, in practical point of view, it is important to calculate the values of the surface shear stress in terms of the skin friction coefficient. This can be written in the non-dimensional form as Molla et al. 
ACCURACY TEST OF THE RESULT Table 1 and Table 2 (12) and (13) The velocity and the temperature profiles obtained from the solutions of equations (12) and (13) are depicted in Figures 2 to 4 . Also the local skin friction and the surface temperature obtained from the solutions of equations (16) Fig. 2(a) and 2(b) , respectively. It is seen from Fig. 2(a) and 2(b) that the velocity and temperature increase within the boundary layer with the increasing values ofγ . It means that the velocity boundary layer and the thermal boundary layer thickness expand for large values ofγ. If we compare the velocity and temperature for the three parameters we find the velocity boundary layer and the thermal boundary layer thickness are much more clear and large for Pr and λ but thin forγ. Figure 5 (a) and Figure 5 (b) illustrate the effect of the thermal conductivity variation parameter on the skin friction coefficient C fx and surface temperature ( , 0) x θ against x with Pr = 0.733 and λ = 1.00. It is seen from Figure 5 (a) that the skin friction increases monotonically along the upward direction of the plate for a particular value ofγ. It is also seen that the local skin friction coefficient increases for the increasing values ofγ. From Figure 5 (b), it can be seen that the surface temperature increases due to the increasing value along the positive x direction for a particularγ. 
CONCLUSIONS
The effects of thermal conductivity of fluid on free convective flow along a vertical flat plate with transverse conduction variation have been studied in this paper. From the present investigation the following conclusions may be drawn • The velocity within the boundary layer increases for increasing values of γ and decreases for increasing values of Pr and λ.
• Significant effect is found in velocity for transverse conduction variation parameter. An inverse trend is noted in velocity profile.
• The temperature within the boundary layer increases for increasing values of γ and decreases for increasing values of Pr and λ.
• The local skin friction decreases for the increasing values of Pr andλ. On the other hand, this increases for increasing values ofγ . Remarkable effect is found in skin friction forλ.
• An increase in the values of γ and Pr leads to an increase in surface temperature. On the other hand, this decrease for increasing values ofλ. Important effect is found in surface temperature forλ. The surface temperature for λ is opposite trend withγ and Pr, which is mentionable.
